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We analyze recent measurements by Ooi et al. of the angular dependence of the first order vortex 
phase transition in Bi2Sr2CaCu2 08+y. The experimental findings of these authors are interpreted 
in terms of a 2D versus 3-D scaling approach. Invoking a crossover from a 3D to a 2D scaling 
approach, it shown, that the apparent failure of a 3-D scaling approach away from the bulk transition 
temperature is due to a crossover to decoupled independent superconducting slabs. 



PACS: 74.25.-q, 74.60.Ec, 74.25.Dw, 74.25.Ha 



In a recent letter, Ooi et aLl investigated the an- 
gular dependence of the first order transition (FOT) 
field, Hfot (<5)) in the mixed state of Bi2Sr2CaCu208+y 
(BSCCO) by means of local magnetization measure- 
ments. Here, 5 is the angle between the applied magnetic 
field and the c-axis.The FOT has been detected as a step 
in the magnetizationo. The authors report results for 
four samples: optimally doped, slightly overdoped, over- 
doped, and highly overdoped. The critical temperatures 
; are {H = 0) = 86.7, 85.5, 80.3 and 76.8 K, respec- 
tively. The reported measurements have been performed 
' considerably below Tc [H — 0) (e.g., at T = IbK for the 
slightly overdoped sample with Tc [H = 0) = 85.5-ftr . 
\ They conclude that the experimental data for HpoT (<^)j 
taken at fixed temperature, is inconsistent with the scal- 
ing law resulting from the 3-D anisotropic Ginzburg- 
Landau theory and they propose a 'new' scaling law for 
the angular dependence of the vortex phase transitions, 
which appears to be consistent with the experimental 
data. 

As Ooi et al. state, this failure points to a large ef- 
fective mass anisotropy. In highly anisotropic supercon- 
ductors such as BSCCO and, similarly, in heavily under- 
doped materials, where the effective mass anisotropy 7 
increases markedly by approaching the underdoped limit, 
quasi-2-D behavior is expected to occur as long as 
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z^ = 2/3, (1) 



where is the correlation length along the crystallo- 
graphic c-axis, and ^j.,o is the corresponding critical am- 
plitude, s denotes the spatial interlayer separation, and 
Tc is the bulk transition temperature. For 7 sufficiently 
large ^_l^o s. Before the interlayer coupling causes 3-D 
order, has to grow larger than the spacing s between 
the slabs of thickness dg- Thus, 3.D fluctuation effects 
can be expected only for 
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while for t > t cross 2-D fluctuations are relevant. In ma- 
terials such as BSCCO, exhibiting a pronounced effective 
mass anisotropy, tcross turns out to be rather small and 
the correlation length perpendicular to the layers can be- 
come much smaller than the slab separation s. In the cor- 
responding temperature regime, these materials mimic 
to a stack of nearly independent superonducting slabs of 
thickness dg- This modelling is also well confixmed by, 
e.g., the so-called crossing point phenomenoncl. For a 
sheet of thickness dg the singular partiof the free energy 
is expected to adopt the scaling formBlj 
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where fppi^s an universal 2-D scaling function of its argu- 
ment 



Z = i7(e±)2| cos(5)|/$o + H\i^fdl sin2(5)/$^ 
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supposed there is a melting transition of the vortex lat- 
tice, the universal scaling function G^{Z) will exhibit a 
singularity at some flxed value Z = Zm- Accordingly, 
the angular dependence of the melting field, where for 
fixed T the transition occurs, is then given by 
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where 



i^s(<5) = 



i/™(<5 = 0)^ 
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However, as long as the correlation length is much 
larger than the separation s of the superconducting 
sheets, the expression for anisotropic bulk sys|^ms should 
apply. Here, the scaling variable is given byt 
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so that T = 79.5K (i.e., t = 5.55 • lO'^) the data are fully 

consistent with 2D behavior, yielding a « 0.0050 and 
H,{d) = ( cos2((5) + 4 sin'iS)] ' . (8) H*iS = 0) ^ 0.984r, while at T = 82.8i^ (t = 1.55-10-^) 

\ 1 J 3D behavior dominates with 7 « 77, H*{S = 0) = 

9.513- IQ-^T. 
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FIG. 1. Angular dependence H {S) cos{S) / H {0) of the FOT 
field, T = 75K, as measured by Ooi et al.^ for a slightly over- 
doped BSCCO crystal with Tc = 85.5K (□). The solid line 
is a fit to Eq. whereas the dashed line uses Eq. (^. 

The resulting angular dependences of H for the 2D 
and 31? approach, as well as measured data of Ooi et al 
are depicted in Fig. [l[ The experimental data shown in 
this Fig. 1^ clearly reveal the failure of 3D approach for 
this temperature regime and point to the applicability 
Eq. (|). A fit, yielding a w 0.0053 for T = 75A^ leads to 
a rather reasonable agreement. Noting that ^|| decreases 
as the temperature is lowered (T < Tc) and with that a 
increases it also follows that the width of H{S) around 
6 « 90° becomes larger. This behavior is faUy consistent 
with the experimental results of Ooi et alE. 

Even though these data uncover the 2D behavior, they 
do not provide evidence for the 3-D to 2D crossover- This 
crossover haaJpeen studied, both experimentallyBfl and 
theoreticallyQu in terms of the angular dependence of the 
onset field H*, where a measurable resistance is observed. 
According to the dynamic scaling approachQ this field is 
expected to adopt the scaling forms given by Eqs. (|^) 
and (|). 

Noting that Eq. (||) leads for S close to 90° to a 
cusplike structure, while Eq. (^) corresponds to a bell- 
shaped behavior, measurements with high angular reso- 
lution around 6 = 90° and performed below Tc [H = 0) = 
84. IX should exhibit the crossover between these lim- 
iting cases. This expectation is nicely confirmed by the 
measured angular dependence of H* in films of the same 
BSCCO compound shown in Fig. 0. Apparently at 
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FIG. 2. Angular dependence of the resistence onset field 
H*{5) for BSCCO with (H = Q) = M.IK, data taken from 
Tanner et al. ^ T = 82.8is: (■) and T = 79.5is: (o). The solid 
line corresponds to Eq. (^), yielding a ~ 0.0050, whereas the 
dashed line denotes a fit to Eq. with 7 « 77. 

In conclusion, the behavior in the intermediate temper- 
ature regime mirrors the dimensional crossover between 
the limiting 2D-XY and 3D-XY behavior. Our anal- 
ysis clearly reveals that the continuum description only 
holds rather close to Tc- In particular, estimates of the 
anisotropy 7 must be deduced close to criticality in order 
to avoid unphysical fitting to a mere crossover regime. 
Finally, there is no need for a fundamenljally different 
scaling approach as suggested by Ooi et al.El. 
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